The Wigner function was first derived by E.P. Wigner around 1931 as an exotic outcome of the wave mechanics which, being defined in the phase space, does not favor either coordinate or momentum variables. Pioneered by H.J. Groenewold and J.E. Moyal the Wigner formulation of quantum mechanics evolved until the end of last century, to a fully autonomous, independent alternative to Hilbert space mechanics and path integral formulations. As S. MacLane put it (Ladies and) gentlemen: There is lots of room left in Hilbert Space, the same holds true for the phase space, where Wigner and alternative approaches, like Husimi and Bohmian distributions, are easily accommodated.
has been applied to simulate stationary and transient behavior of nanostructures, superlattices, to investigate processes of decoherence, quantum chaos, and recently beyond transport tasks in density functional theory and many body effects. The continuous accumulation of knowledge results in increased publication activities. A good example is the fact that two books by C. Jacoboni as well as D. Querlioz and P. Dollfus have been published in the year 2010, summarizing the theoretical and applied achievements of the Wigner research. Nevertheless, critics claim that, although various groups pick up the work, they abandon it again, never delivering a compelling research result. This criticism has been addressed by the Wigner community with the founding of the Wigner Initiative 1 in 2015, bringing all research in this area closer together, thereby increasing synergy effects and fostering knowledge transfer.
This special issue is the first effort of the Initiative in this direction and comprises theoretical analysis, numerical aspects, and recent applications of the Wigner formalism, as well as comparisons with alternative phase space quasi-distribution functions and other quantum-mechanical approaches. In contrast to books, the purpose of which is to provide a systematic description, the contributions in this special issue rather highlight selected achievements in the field along with important logical and philosophical points in the phase space formulations of quantum mechanics. In particular, this special issue contains nine contributions characterized in the following:
I. J. Weinbub et al. investigate parallelization strategies for two-dimensional Wigner Monte Carlo method based on the signed particle approach, enabling to utilize large-scale computing resources to stem the significant memory and computing demands.
As the guest editors of this special issue we would like to thank all authors for their contributions.
